Aim Sometimes ischaemic cardiomyopathy is a result of severe coronary artery disease of an occult course, without typical symptoms or evidence of myocardial infarction. This form of presentation is usually indistinguishable from non-ischaemic dilated cardiomyopathy. Carotid bifurcation atherosclerosis and coronary artery disease have been shown to be strongly associated. We prospectively examined the value of extracranial carotid atherosclerosis in the distinction between ischaemic and non-ischaemic aetiology in patients with clinically unexplained cardiomyopathy.
Introduction
Enlarged and globally hypokinetic left ventricles may at times challenge physicians concerning the aetiology of this finding, since the underlying cause cannot always be determined, even after detailed history and skilled clinical evaluation, including echocardiography. Dilated cardiomyopathy, either idiopathic or secondary to specific disorders but without coronary stenoses [1] , and ischaemic cardiomyopathy due to severe coronary artery disease [2, 3] , have been used to describe left or biventricular dilatation in addition to impaired contraction. Ischaemic cardiomyopathy is usually a late result of clinically overt coronary artery disease [4] . However, sometimes the clinical course of the disease is really occult and indistinguishable from dilated cardiomyopathy [3] [4] [5] . Differentiating between this latter 'silent' ischaemic and non-ischaemic cardiomyopathy is imperative for both therapeutic and prognostic reasons [6] [7] [8] . Although ischaemic cardiomyopathy bears a worse prognosis than non-ischaemic cardiomyopathy [7] [8] [9] , patients with proven hibernation may show an improved outcome after myocardial revascularization [10, 11] . Appropriate differentiation is achieved by coronary angiography, since it still remains the gold standard. Many non-invasive techniques have been tested in this distinction with variable accuracy [12] [13] [14] [15] [16] [17] . However, there are some limitations in interpretation and availability of these tests while inconsistent findings have been reported.
On the other hand, extracranial carotid artery disease has been associated with increased prevalence of significant coronary atherosclerosis and acute coronary events [18] [19] [20] [21] , and vice versa [22] [23] [24] . Furthermore, both coronary and carotid arterial trees share many risk factors that contribute to the atherosclerotic process [25, 26] . Ultrasonic scanning is a reliable and feasible technique to detect carotid disease. Therefore, we prospectively examined the value of carotid atherosclerosis in the prediction of coronary artery disease as the underlying cause of diffuse left ventricular dilatation and dysfunction in cases of undetermined aetiology.
Methods

Patients
Between January 1997 and April 1999, all patients over the age of 30 years who were admitted to our hospital with signs and symptoms of heart failure as well as all subjects referred to our Clinics for evaluation of cardiomegaly, were interviewed and examined in detail. The following were excluded: those with coronary artery disease; those with a history and findings of primary valvular, congenital, pericardial disease, or myocarditis, women in the peripartum state; or those with postanthracyclines, other antineoplasmic drug exposure or cervical irradiation therapy. Individuals with anterior Q waves on the electrocardiogram or angina were eligible in the absence of a clear history of myocardial infarction, as both can also be present in dilated cardiomyopathy [2] [3] [4] [5] . Alcohol abusers, patients with any form of arrhythmia or systemic or endocrine diseases known to predispose to or to directly relate with dilated cardiomyopathy were all included, since our aim was to investigate the presence of concomitant severe coronary artery disease in all our heart failure patients.
After this initial screening, the remaining subjects underwent a thorough echocardiographic examination. Special care was given to the severity and to the mechanism of any mitral regurgitation as well as to the segmental analysis of the left ventricular wall motion. Patients with findings strongly suggesting coronary disease, such as ventricular aneurysm or echo-dense thinned hypocontractile areas, along with Q waves on the electrocardiogram dependent on the same myocardial territory, were excluded from the study, while those with slight regional differences in kinesis or mild regional asynergy or dyssynergy were not.
Finally, patients whose history, clinical evaluation and echocardiography failed to define the cause of left ventricular dysfunction, were eligible for the study. Cardiac catheterization and coronary arteriography were indicated in all those who were stabilized. During the last 28 months, 78 out of 86 eligible patients accepted the procedure and comprised the study population. They all underwent carotid ultrasonic imaging the day before catheterization. Signed informed consent was a prerequisite for all subjects before participation.
Three electrocardiographic parameters (rhythm, presence of left bundle branch block, anterior Q waves) and the major risk factors for coronary artery diseases were also assessed. Arterial hypertension was defined by history of repeated blood pressure readings >140/ 90 mmHg, hypercholesterolaemia by a total cholesterol level >220 mg . dl 1 or medication dependence, diabetes mellitus by a fasting blood glucose level >120 mg . dl 1 or use of insulin or oral hypoglycaemics, and obesity by a body mass index >27 kg . m 2 . Both current smokers and those who had stopped smoking <6 months before were included. The family history was regarded as positive when first-degree relatives had documented coronary artery disease into their sixth decade.
Echocardiography
A resting M-mode and two-dimensional transthoracic echocardiogram was performed using a commercially available Hewlett-Packard Sonos 2500 system equipped with a 2·5/2·0 MHz phased array transducer. Left ventricular and left atrial dimensions were obtained from 2-D guided M-mode tracings [27] , or from the 2-D study when M-mode recordings were not satisfactory [28] . Eligible patients had to have a left ventricular enddiastolic diameter d4 cm/m 2 and a left ventricular ejection fraction c45%, according to the Simpson method.
Carotid ultrasonic examination
Carotid scanning was performed by the same HewlettPackard system using a 7·5/5·5 MHz linear array transducer, according to the methods previously described [29] . Bilateral B-mode and colour Doppler images of the entire common carotid artery, the carotid bifurcation, the proximal internal and external carotid arteries were taken in anterolateral, lateral and posterolateral directions in both transverse and longitudinal planes. Pulsewave Doppler tracings were obtained with a sonication angle of 60 at any site with colour-flow disturbance.
Intima-media thickness was calculated electronically by means of calipers from frozen longitudinal 2-D images, with the R wave on the electrocardiogram. The far wall of the distal 2 cm of the common carotid artery was magnified with care to be horizontally displayed across the screen. Measurements were made from the leading edge of the luminal echo to the leading edge of the media/adventitia line in each of all three planes ( Fig.  1) . At the side, at the plane and at the site where the maximum value was found, five more measurements were averaged and used as 'the intima-media thickness'. Sites of plaques were excluded from measurements. Increased intima-media thickness was taken to be >1·0 mm, which is the higher median value in the general population that has been reported [30] . Plaques were regarded as discrete thickenings that extended more than 50% beyond the surrounding wall, within any segment of extracranial carotid system and/or localized irregular thickenings of at least 1·3 mm. Continuous, not localized thickening less than 1·3 mm was not considered as plaque (Fig. 2) . Carotid stenosis was considered significant when there was a greater than 50% diameter stenosis. For the proximal internal carotid artery, a blood flow velocity >1·25 m . s 1 was required [29] .
Cardiac catheterization
Selective angiography of both coronary arteries in multiple projections was performed after right heart catheterization, proceeded by 30 right anterior oblique projection left ventriculography (Judkins technique). All studies were qualitatively reviewed by at least three observers, who were blinded to the carotid scan. Luminal diameter narrowing of d50% in one or more epicardial arteries was considered significant coronary artery stenosis.
Statistical analyses
Values are expressed as mean one standard deviation.
Comparisons of continuous variables between groups were examined with analysis of variance (ANOVA). Associations between two categorical variables were tested by Chi-square test and Fisher's exact test, where appropriate. Logistic regression analysis was employed in order to detect possible significant associations between a dichotomous dependent variable (non-ischaemic or ischaemic cardiomyopathy) and a number of independent ones. Variable selection was terminated when no candidate variables for entry were significant at P<0·05, and all those selected for entry remained significant at P<0·10. All tests were considered to be significant at a 0·05 level of statistical significance. Statistical analyses were performed with SPSS statistical software (release 8.0).
Results
Significant coronary artery stenoses were present in 23 out of 78 study patients (29·5%). The remaining 55 patients (70·5%) had angiographically normal coronaries. Of patients with ischaemic cardiomyopathy, triple-vessel disease was found in 74% (17/23), two-vessel disease in 22% (5/23) and in one patient only one obstruction was observed, in the right coronary artery. Seven patients had additional significant left main stem involvement.
As shown in Table 1 , patients with ischaemic cardiomyopathy were most likely to be men, smokers, hypertensives, and to have significantly more coronary risk factors than those with non-ischaemic cardiomyopathy. Twenty out of the 23 (87%) had at least two risk factors. From 55 non-ischaemic patients, only two had no risk 
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factors at all, 16 had one (29%) and 26 had two (47%). Atrial fibrillation was the only studied electrocardiographic or echocardiographic parameter significantly more prevalent in patients with non-ischaemic compared to those with ischaemic cardiomyopathy (Table 2) .
Carotid atherosclerosis was very frequent in ischaemic, but rare in non-ischaemic patients (Table 2) . Twenty ischaemic patients (87%) had an intima-media thickness >1·0 mm. Of the remaining three with a thickness c1·0 mm, only one had a normal carotid scan, while the remaining two had plaques. Only four nonischaemic patients (7·3%) had an intima-media thickness >1·0 mm. Three of them were older than 65 years and had more than two risk factors, while the fourth had an additional internal carotid stenosis >50%.
Twenty-one patients with ischaemic cardiomyopathy (91·3%) had carotid plaques. One from the remaining two without plaques had a carotid stenosis and the last a normal carotid scan. He was an obese 49-year-old Type I diabetic patient who had only right coronary artery obstruction. However, the severe dysfunction of the left ventricle could not be attributed to the aforementioned finding. In contrast, only three out of the 55 non-ischaemic patients (5·5%) had carotid plaques. They were all older than 70 years. Significant carotid artery stenosis was present in 10 patients with ischaemic cardiomyopathy (43·5%). Nine of these patients had three-vessel coronary artery disease and the tenth had two-vessel disease. Three patients had bilateral internal carotid stenosis. Most stenoses were located on the left side (10/13). There was one total internal carotid artery occlusion, four stenoses were within the range of 70-99% and eight within 50-70%. Only one patient with non-ischaemic cardiomyopathy had a 60% left internal carotid stenosis and was a 71-year-old woman with long-standing hypertension.
The diagnostic ability of all parameters that were significantly different between the two groups was subsequently analysed. Their respective sensitivity, specificity, positive and negative predictive values were assessed in the identification of patients with ischaemic cardiomyopathy (Table 3) . Carotid plaques had sensitivity, specificity and negative predictive value over 90%. Severe carotid stenosis had a poor sensitivity, but was highly specific (98·2%) and also showed a high positive predictive value (90·9%). A cut-off value of intimamedia thickness >1 mm showed high sensitivity (87%) and specificity (92·7%). Sinus rhythm predicted ischaemic cardiomyopathy with a sensitivity of 23·6% and a specificity of 95·6%.
As shown in Table 2 , at least one of the abnormal findings of the carotid scan was present in six (10·9%) non-ischaemic patients, and in 22 (95·6%) of those with ischaemic cardiomyopathy (P<0·001). Thus, carotid scanning distinguished patients with coronary artery disease with a sensitivity of 95·6% and a specificity of 89% (Table 3) .
In a logistic regression model with carotid findings, age, gender, hypertension, cigarette smoking, number of coronary risk factors and atrial fibrillation included as 
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covariates, abnormal carotid findings were still significantly and independently associated with ischaemic cardiomyopathy (P=0·0002).
Discussion
The underlying diagnosis in patients presenting with left ventricular dilatation and impaired systolic function and no evidence of a known cardiac or systemic disease, sometimes remains clinically undetermined. Individuals who never experienced angina or myocardial infarction may have unrecognized extensive coronary artery obstruction, whereas patients with angina may lack coronary stenoses [2] [3] [4] [5] . Congestive heart failure is a medical 'Hydra' with increasing prevalence, morbidity and mortality in all age groups [31] , mainly due to the increased prevalence of both ischaemic and idiopathic dilated cardiomyopathy [31, 32] . The percentage of ischaemic patients is underestimated in heart failure of recent onset [33] . Realization of the benefits of early diagnosis and of the prompt initiation of life prolonging therapy, may raise the need for the establishment of rapid access heart failure clinics in the future [34] . Accurate distinction of ischaemic from non-ischaemic cardiomyopathy is fundamentally achieved by coronary angiography, which also delineates the coronary anatomy before considered revascularization. Several techniques have been utilized for non-invasive differentiation. Radioisotope perfusion imaging and stress echocardiography have been acceptable and feasible methods [12] [13] [14] [15] . However, overlaps and dissimilar findings have been described, especially in low ejection fractions and severe wall motion abnormalities. Atheromas of the proximal left coronary system can be accurately imaged by coronary echocardiography, so that coronary artery disease can be presumed [16] . This technique requires special transducers and digital storage equipment, which are not widely applicable. Transoesophageal examination may be helpful in detecting coronary stenoses, but has not yet been tested in this particular population [35] . Positron emission tomography is extremely useful in assessing myocardial viability and also precisely differentiates between ischaemic and dilated cardiomyopathy [17] . However, it is problematic in diabetic patients and its application is limited because of unavailability and high cost.
Based on the assumption that carotid bifurcation disease is common in patients with coronary artery disease and vice versa [18] [19] [20] [21] [22] [23] [24] [25] [26] , we prospectively tested the hypothesis as to whether it could identify underlying significant coronary stenoses in patients with undetermined cardiomyopathy. To our knowledge, there is no study relating carotid and coronary artery disease in such a population. Extracranial carotid atherosclerosis is easily detected non-invasively by ultrasound, which is widely available, reliable and relatively inexpensive. It can be performed in any patient, even at the bedside, with any cardiac rhythm and does not necessitate drug discontinuation. We found that carotid atherosclerosis was almost always present in patients with ischaemic cardiomyopathy. The presence of any abnormal finding was 96% sensitive and 89% specific in unmasking ischaemic patients. In contrast, carotid disease was infrequent in non-ischaemic patients. A plausible explanation for these results could be that ischaemic cardiomyopathy is often a result of severe and advanced coronary disease, and that any co-existent carotid atherosclerosis is also expected to progress. It has been demonstrated that the linear correlation between carotid and coronary artery disease is more profound at the advanced atherosclerotic stage [18, 21, 23, 24] . Indeed, most of our ischaemic subjects had multivessel coronary artery disease, and the coexistence of carotid atherosclerosis appears to be reasonable.
From this study, it can be assumed that carotid scanning may be a useful screening method for such patients, since the presence of carotid bifurcation disease foretells severe underlying coronary stenoses. If so, it might be appropriate for patients with cardiomyopathy and a positive carotid scan to undergo coronary angiography. Thallium-201 scintigraphy or stress echocardiography may then be required for patients with coronary anatomy amenable to revascularization. These methods are capable of providing most of the clinically relevant information regarding viable hibernating myocardium, which may be common in such cases [36] . Such an approach would be more advantageous in that viability studies are more clinically conclusive when the coronary anatomy is already known. An additional benefit of carotid scanning would be that it can identify any severe internal carotid artery stenosis, which has to be addressed whenever coronary bypass grafting is contemplated. On the other hand, patients with a negative carotid scan are likely to have non-ischaemic cardiomyopathy and further evaluation with coronary angiography or viability studies could be avoided, with prevalent implicatons in hazards and costs. However, such a policy needs to be validated by specifically designed prospective studies in order to be accepted in clinical practice.
Since our original perspective was the prediction of severe coronary disease in all heart failure patients of unrecognized aetiology, we did not exclude subjects with diseases known to relate to dilated cardiomyopathy but in whom coronary artery disease may co-exist. Thus, there were four heavy alcohol abusers, with clinically presumed alcoholic cardiomyopathy. Three of them were found to have significant carotid atherosclerosis. On angiography, they were also shown to have severe coronary stenoses. The fourth had neither carotid nor coronary artery disease. Likewise, both uraemia and diabetes predispose to atherosclerosis, but have also been involved in the development of metabolic cardiomyopathy, in the absence of severe coronary artery disease [1, 37, 38] . Two of our patients had chronic renal failure (one on haemodialysis, the other not) and 14 had diabetes. Their angiographic findings were in concordance with those of carotid scanning, with only one exception being a diabetic patient. It is arguable, however, whether this individual patient would benefit from coronary arteriography, since he had only the right coronary artery obstructed. Thus, it seems that carotid scanning could be useful in the management of patients with heart failure who are also suffering from diseases known to have an independent influence on both myocardial function and the atherosclerotic process.
This study was not powered to exclude the coexistence of coronary artery stenoses in patients with nonischaemic cardiomyopathy because the studied patients were not routinely followed up regarding myocardial viability studies. However, our results were not significantly affected by this bias because of the severity of the coronary lesions that were documented in the 23 'ischaemic cardiomyopathy' individuals. Indeed, there were 45 total occlusions in the proximal coronary vessels, while the left anterior descending artery was diseased in all but one of those subjects. Conclusively, although hibernation was not proven in all patients with severe coronary stenoses, it is almost certain that the patients would have been treated as suffering from ischaemic cardiomyoparthy in everyday clinical practice.
We did not have a continuous group of patients because of the need for coronary arteriography. However, the patients represented a clinically 'consecutive' series, since only the severely ill and the unwilling patients (n=8) were excluded from our study. Thus, the clinical characteristics of our subjects might be of value and on that basis some were further analysed. Male sex, arterial hypertension, smoking, atrial fibrillation and the presence of more than two risk factors showed significant difference between the two groups. Divergent data has been reported in the literature regarding clinical characteristics, most probably reflecting differences in the selection criteria. Nevertheless, clinical parameters seem to be of moderate value in the distinction of cardiomyopathies [39] . Furthermore, in our study, they yielded inferior predictive accuracy to that of carotid markers.
Study limitations
The six false-positive results of the carotid scanning were observed in individuals older than 65 years and in this age group abnormal carotid findings are more common. Twenty-two out of 78 study patients were older than 65 years (28%), and 15/22 had non-ischaemic cardiomyopathy. No patient younger than 65 years old had a false-positive result. It is likely that the sensitivity and specificity of carotid imaging in predicting coronary artery disease is very much dependent on age and sex. However, it has never been studied in this specific group of patients, particularly in the older ones, given the relatively unassessed prevalence and natural history of dilated cardiomyopathy in advanced age. Moreover, the proportion of elderly patients in this study population was relatively small and consequently was not expected to influence our results. Finally, in a logistic regression model with age, gender and abnormal carotid findings included as covariates, only the latter were significantly and independently associated with ischaemic heart disease.
We had decided to exclude from the study patients with myocarditis (n=1), in the peripartum state (n=1), post antineoplasmic drug exposure (n=5); and cervical irradiation therapy (n=2). Although some of them could have either disease, there were ethical reasons for restricting their entry in the study. Furthermore, the first two were too young, the five patients with malignancies had undergone echocardiographic screening before initiation of the antineoplasmic drug therapy and had preserved left ventricular function, while the two with the previous cervical irradiation therapy could have had an altered carotid anatomy status.
Intima-media thickness was measured in not as detailed a fashion as in most studies implicating it as a risk factor for vascular disease [20] . Instead, the highest value at the distal common carotid artery was taken into account. This approach provided a more realistic and practical indicator of the severity of atherosclerosis [40] . The cut-off point for increased intima-media thickness >1 mm although arbitrarily chosen (being the upper median value of the general population), provided the best diagnosis in the ROC curve analysis. The definition of plaque as localized thickening >1·3 mm was chosen as the intermediate value from that used in the literature, i.e. from >1·0 mm to >1·5 mm [41, 42] . A value >1 mm could fall within the field of variability measurements, it would not significantly affect findings and would not have additional clinical effect. A value of >1·5 mm would decline in sensitivity in favour of specificity. We have not had a validation study regarding the degree of carotid stenoses. However, four of our ischaemic patients were selected for elective coronary bypass grafting. Because they had significant internal carotid artery stenosis, they also underwent intra-arterial digital subtraction carotid angiography. Results proved to be almost identical with our ultrasonic findings.
In conclusion, the presence of carotid atherosclerosis, as detected by carotid ultrasonography, seems to accurately predict severe underlying coronary artery disease in patients with clinically unexplained left ventricular dilatation and dysfunction.
